Significance and Impact of the Study: Many studies on the development of PCR for the detection of resistance genes have already been published, including multiplex PCR methods. However, cross-amplification reactions can be a major concern in multiplex PCR methods. In this study, we developed a highly sensitive and specific multiplex-touchdown PCR assay for simultaneous detection of mecA, bla SHV , bla CTX-M , bla TEM and bla OXA genes from positive blood culture bottles, cross-amplification was absent and false-positive results were not obtained. 
Introduction
Sepsis is a common, expensive and frequently fatal condition, significantly contributing to morbidity and mortality in intensive care units (Angus et al. 2001) . Methicillin-resistant staphylococci (MRS) and ESBL-producing bacteria are the most important resistant pathogens in sepsis, which are becoming more frequent and less easily treated with the current antibiotic agents (Knudsen and Andersen 2014; Vazquez-Guillamet et al. 2014) . Improved targeting antimicrobial treatment for the pathogens would have the greatest impact in reducing the mortality of patients with severe sepsis and septic shock. Any delay with appropriate antimicrobial therapy independently increases the length of hospital stay and the risk of a fatal course for the disease (Schweizer et al. 2011; Melzer and Petersen 2012; Retamar et al. 2012) .
Automated blood culture system is commonly applied in clinical microbiology laboratories, and it typically Letters in Applied Microbiology 64, 138--143 © 2016 The Society for Applied Microbiology requires 48 h to determine the identity and antimicrobial susceptibility of the pathogens after the bottle is flagged as positive. Rapid methods expediting this process can fast track the interventions to guide treatment of the patient with appropriate antimicrobial therapy. Multiplextouchdown PCR (MT-PCR) is a rapid, sensitive and specific molecular method, which uses more than one pair of primers to detect different micro-organisms in a single reaction tube (Quaglia et al. 2005; Luo et al. 2012) .
In this study, a highly sensitive and specific MT-PCR assay was developed for simultaneous detection of mecA, bla SHV , bla CTX-M , bla TEM and bla OXA genes from positive blood culture bottles to improve clinical diagnostics and ensure timely and correct antimicrobial therapy.
Results and discussion

MT-PCR assay optimization
The annealing temperature for MT-PCR assay was established at 66°C in the first 20 cycles, and at 56°C in another 20 cycles. The optimal concentrations of the primers were determined and are summarized in Table 1 . Amplified fragments of 256 bp for bla OXA , 440 bp for bla TEM , 512 bp for bla CTX-M , 767 bp for bla SHV and 1160 bp for mecA were obtained in a 1Á5% agarose gel (Fig. 1 ).
Sensitivity and specificity of MT-PCR assay
The minimum detection limit was 10 3 CFU ml À1 for mecA and 10 2 CFU ml À1 for other genes. A total of 140 strains were tested for the sensitivity and specificity by MT-PCR assay. All genes of mecA, bla SHV , bla CTX-M , bla TEM and bla OXA were amplified correctly, and no unspecific amplicon was emerged in MT-PCR assay after comparing with the sequences deposited in NCBI.
Application of MT-PCR assay in the direct detection from positive blood culture bottles
All genes of mecA, bla SHV , bla CTX-M , bla TEM and bla OXA were amplified correctly in the 12 spiked blood culture bottles by MT-PCR assay. mecA and bla SHV were detected simultaneously in one spiked blood culture bottle (Fig. 2) . The corresponding genes were detected in 33 positive blood culture bottles in 4 h by MT-PCR assay, including five MRS strains, and 29 ESBL-producing bacteria strains. No PCR amplification was found in the 80 negative clinical blood culture bottles (Fig. 3) .
Three MRSA, two MRSE and 32 ESBL-producing bacteria, were isolated from the clinical blood culture specimens in 48 h by standard microbiological procedures. Intriguingly, one ESBL-producing Escherichia coli and MRSA were isolated simultaneously in one clinical blood culture bottle. However, three ESBL-producing bacteria strains were isolated from three positive blood bottles The optimal concentration (lmol l
Y is C or T; R is A or G; K is G or T; S is G or C. but no PCR product was obtained for bla SHV , bla CTX-M , bla TEM or bla OXA from these bottles by MT-PCR. The pure isolates were subsequently identified utilizing MT-PCR, and the corresponding genes were detected in the three MRSA, two MRSE and 29 ESBL-producing bacteria except the three ESBL-producing bacterial strains that had been missed from the blood cultures in the first place. Severe sepsis and septic shock are serious manifestations of systemic infection and are major causes of mortality in intensive care units, up to 19 million cases occurring worldwide each year (Adhikari et al. 2010; Angus and van der Poll 2013) . While empirical antimicrobial therapy has become the standard to treat severe sepsis, the emergence of resistant pathogens challenges its use. Among the resistant pathogens, MRS and ESBL-producing bacteria are emerging worldwide, forming up to 50% of sepsis-causing pathogens in patients from low-to middle income countries (Bataar et al. 2013; Karaiskos and Giamarellou 2014) .
The timely administration of appropriate antimicrobial therapy for resistant pathogens was independently associated with a decline in the mortality of patients with severe sepsis and septic shock (Yokota et al. 2014; Cain et al. 2015) . Therefore, rapid identification of resistant pathogens in the laboratory is important to guide treatment of the patient. After blood culture bottles are signalled positive in an automated continuous monitoring system, pathogens are typically identified by culture which can take 48 h to be completed. Multiplex PCR methods can reduce the required time for identification of resistances considerably. This technique makes use of multiple primer pairs for simultaneous gene detection in a single reaction. This has been validated as effective simultaneous detection tool for many pathogens (Wei et al. 2014; Persson et al. 2015) . However, cross-amplification reactions may result in incorrect identification of resistance genes. Touchdown PCR offers a simple and rapid method, increasing specificity, sensitivity and yield, with the potential to reduce cross-amplification (Korbie and Mattick 2008) . In this study, we developed a highly sensitive and specific MT-PCR assay for simultaneous detection of mecA, bla SHV , bla CTX-M , bla TEM and bla OXA genes from positive blood culture bottles.
mecA is the genetic determinant of methicillin resistance in staphylococci, and detection of this gene is considered the reference method for MRSA/MRSE (Tenover et al. 1999; Velasco et al. 2014) . Although there is no consensus on the precise definition of ESBL, many ESBL genotypes have been proposed, including TEM, SHV, CTX-M, OXA, GES and VEB-types (Lee et al. 2012) . The most common types abundant in China are TEM, CTX-M, SHV and OXA-types in China (Zhang et al. 2009; Jean and Hsueh 2011) , which were chosen as the subject for detection in this study. In this study, MT-PCR assay showed 100% specificity in the detection of mecA, bla SHV , bla CTX-M , bla TEM and bla OXA genes. The detection limits of the method were 10 3 CFU ml
À1
for mecA, 10 2 CFU ml À1 for the other four genes within the mixed DNA templates. The relatively high detection limit of mecA may result from the difficulty of DNA extraction from Gram-positive cocci. In addition, as the largest fragment (1160 bp), mecA was comparably difficult to amplify because of the bias for the multiplex PCR reaction to amplify smaller fragments (Henegariu et al. 1997) . All MRS and ESBL-producing bacteria were detected correctly in the spiked blood culture bottles in 4 h by MT-PCR assay. However, no bla SHV , bla CTX-M , bla TEM and bla OXA was detected in three cases where ESBL-producing bacteria were identified by culture-dependent methods, which were identified by the standard microbiological procedures in 48 h. These three cases (9Á4%, 3/32) were possibly missed because they may have comprised different ESBL genotypes.
The ability to identify pathogens rapidly has direct clinical relevance for prompting the initiation of antibiotic treatment or changing an inappropriate empirical antibiotic regimen. Our approach has the major advantages of being able to provide simultaneously the results of MRS and ESBL-producing bacteria in 4 h, although a few ESBLproducing bacteria will be misidentified. This method has similar or better performance characteristics than some other rapid methods, such as classical PCR and fluorescence in situ hybridization (Oliveira et al. 2002; Shrestha et al. 2002) . The timely and accurate information provided by MT-PCR assay would help clinicians to identify MRSA/ MRSE and ESBL-producing bacteria, and thereby improve antimicrobial therapy 36-40 h earlier.
In conclusion, MT-PCR assay developed in this study can be used as a sensitive and specific assay for the simultaneous detection of mecA, bla SHV , bla CTX-M , bla TEM and bla OXA . We recommend that laboratories using the automated blood culture system adopt this method, especially in regions of China where the typical sepsis-causing pathogens include those we have targeted, thereby decreasing the time for obtaining the accurate information of MRSA/MRSE and ESBL-producing bacteria by approximately 36-40 h.
Materials and methods
This study was conducted in Weihai Municipal Hospital affiliated to Dalian Medical University from October 2013 to March 2015, after obtaining due approval from the institutional ethics committee.
Bacteria strains
Five strains were selected and utilized as reference strains in this study. Staphylococcus aureus (ATCC 43300) with mecA, Klebsiella pneumoniae (ATCC 26336) with bla TEM and K. pneumoniae (ATCC 700603) with bla SHV were kept in our laboratory. One E. coli clinical isolate with bla CTX-M and one Pseudomonas aeruginosa clinical isolate with bla OXA were obtained from Weihai Municipal Hospital affiliated to Dalian Medical University (Sample No. 2013112501 and 2013120102 respectively).
DNA extraction of reference strains
All strains above were grown in brain heart infusion medium at 37°C. After heating bacteria at 100°C for 10 min and centrifuging at 12 000 g for 5 min, the supernatant containing the bacterial DNA was stored at À20°C before use.
Primers design for MT-PCR assay
The gene sequences of mecA and bla TEM , bla SHV , bla CTX-M and bla OXA were based on the available sequences deposited in GenBank (Accession no. KC243783.1, JN188360.1, NG_050124.1, KU926353.1, NG_049433.1). After designed with PRIMER 5.0, the primers were tested for their specificity using PRIMER-BLAST (http://www.ncbi.nlm.nih.gov/ tools/primer-blast/). The primers were synthesized by Life Technologies Corporation (Shanghai, China) ( Table 1 ).
Optimization and validation of MT-PCR assay
For high amplification efficiency, the annealing temperature and concentrations of individual primer pairs were optimized in MT-PCR assay.
Multiplex-touchdown PCR assay reaction was carried out in a total volume of 50 ll, containing 5 ll 109 PCR buffer, 4 ll MgCl 2 (25 mmol l À1 ), 4 ll dNTP
2 ll DNA template, and a final concentration of each primer set adjusted to ensure proper amplification efficiency for each amplicon. PCR reaction was performed on 2720 Thermal Cycler (ABI, CA, USA), and the condition was: 94°C for 5 min, followed by 20 cycles of 94°C for 30 s, the first annealing temperature (0Á5°C decrease per cycle) for 30 s, 72°C for 1 min, then another 20 cycles of 94°C for 30 s, 56°C for 30 s, 72°C for 1 min, and the final step at 72°C for 7 min. After amplification, the PCR products were electrophoresed in 1Á5% agarose gels and examined under UV illumination. Sterile water was used as a negative control, and DNA extractions from the five reference strains above were used as positive controls.
Sensitivity and specificity of MT-PCR assay
The sensitivity of MT-PCR assay was evaluated using 10-fold serial dilutions of reference strains with a concentration range spanning 10 1 to 10 6 CFU ml À1 . The DNA template was extracted as described above. The specificity of MT-PCR assay was evaluated using 21 methicillin-resistant S. aureus (MRSA) strains, 18 methicillin-resistant S. epidermidis (MRSE) strains, 45 ESBL-producing bacteria with bla SHV , bla CTX-M , bla TEM or bla OXA genes, and 56 other bacterial species isolated from the blood culture samples. Mixtures of isolates were produced on spiked blood cultures and DNA was extracted to detect mecA, bla SHV , bla CTX-M , bla TEM and bla OXA genes by MT-PCR.
All PCR products were further validated by DNA sequencing and comparison with deposited sequences in NCBI.
Application of MT-PCR assay in the direct detection from blood culture bottles
The performance of MT-PCR assay was evaluated using spiked blood culture samples and clinical blood culture samples.
Multiplex-touchdown PCR assay was validated by directly detecting the pathogens from the spiked blood culture bottles artificially contaminated with reference strains and the clinical blood culture bottles. A total of 12 spiked blood culture bottles, 182 positive clinical blood culture bottles and 80 negative clinical blood culture bottles were involved in the research.
For the spiked samples, blood samples (10 ml each) of healthy volunteers were spiked with 200 ll of the reference strains (McFarland 0Á5) and transferred into blood culture bottles (BacT/ALERT FA, bioM erieux, Inc., Durham, NC). For the clinical samples, clinical blood specimens (20 ml each) were collected and respectively subjected to consecutive routine blood culture bottles (BacT/ALERT FA and BacT/ALERT FN). All bottles were incubated at 37°C in BacT/ALERT â 3D automated continuous monitoring system. After positive bottles were identified, DNA of pathogens was extracted from the bottles as described previously (Schmidt et al. 2012) . In brief, the samples from the bottles were preceded with Gram staining. For Gramnegative bacteria, a sterile syringe was used to transfer 2 ml samples from the bottle into the tube. After centrifugation at 1000 g for 3 min, the supernatant was gently collected into a new sterile tube to centrifuge at 12 000 g for 5 min. The supernatant was discarded, and the pellet was resuspended with 1Á5 ml of sterile water. After washing the pellet with 1Á5 ml sterile water, the pellet was resuspended in 50 ll sterile water and boiled for 10 min. After centrifugation at 12 000 g for 5 min, the supernatant containing DNA was used in the MT-PCR assay. For Gram-positive bacteria, Proteinase K (30 U ml À1 ) was added into the sample and incubated at 37°C for 10 min before the sample was boiled. For the negative clinical blood culture bottles, the DNA template was extracted as described above. Purified bacterial colonies were analysed either by an automated identification system (VITEK 2 â , bioM erieux, Durham, NC) or with the appropriate biochemical reagents for manual phenotypic identification.
Meanwhile, the purified bacterial colonies from all the bottles were identified by standard microbiological procedures using VITEK â 2 Compact, and the Clinical Laboratory Standards Institute disc diffusion methods (CLSI 2013) and MT-PCR.
